Abstract: A supply chain of single manufacturer and single retailer is analyzed when units in warehouse are subject to deterioration at a constant rate. The demand is a decreasing function of selling price and increasing function of credit period offered by the retailer to the customers. Manufacturer follows a lot-for-lot production strategy. The manufacturer ensures delay payment to the retailer with agreement that the retailer will share a fraction of the profit realized during the credit period. The total joint profit of the supply chain is maximized with respect to replenishment time, selling price, and credit period. An algorithm is described to find the best strategy. Numerical examples are given to validate the proposed problem. Sensitivity analysis is carried out to examine important model parameters.
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PUBLIC INTEREST STATEMENT
The proposed problem is interesting for the players working in a supply chain by sharing their interest, information of the product, investment, and also constraints. The decision is critical when manufacturer is using lot-for-lot production strategy to reduce the loss in terms of deterioration of the products. The manufacturer can push his demand by offering promotional tool of credit period to settle the account and also profit sharing. An algorithm is described to find the best strategy. The model can be used by business firm by deploying changes as per their firm policy.
earn interest on the generated revenue. The manufacturer charges interest on the unsold stock if the account is not settled during allowable credit period. This concept was first formulated by Goyal (1985) . Refer to review articles by Chang, Teng, and Goyal (2008) and Shah, Soni, and Jaggi (2010) for available literatures on inventory modeling and trade credit. Giri and Maiti (2013) formulated model which considers that the retailer borrows loan from bank to settle the accounts and concluded that it is advantageous to do payment at the end of the allowable credit period. This offer entices to order more frequently which reduces manufacturer's inventory. On the other end, it increases holding cost, ordering cost, and deterioration cost if the retailer stocks more items which are deteriorating in nature. So the pay-off is needed between costs of two players.
Most of the citations in review articles are assuming that only supplier is offering a fixed credit period to the retailer. However, if the same intensive is extended to the customer by the retailer, the demand will escalate. Huang (2003) developed an EOQ model in which the supplier offers the retailer a credit period (upstream credit period), and retailer in turn provides a credit period (downstream credit period) to the customer. Huang (2006) formulated an inventory model under two-level trade credit with constrained floor space. Huang (2007) incorporated finite production capacity of the manufacture. Some more related articles are by Huang (2008) , Jaggi, Goyal, and Goel (2008) , Liao (2008) , Shah, Soni, and Shah (2009), Teng, Chang, Chern, and Chan (2007) , Teng and Goyal (2007) , and their references. Now-a-days, the researchers are analyzing integrated inventory models with trade credit financing as a promotional tool. Abad and Jaggi (2003) formulated a supplier-buyer inventory model under permissible delay in payments with price-sensitive demand. Sheen and Tsao (2007) discussed a vendor-buyer inventory model with trade credit and quantity discounts for freight cost. Sarmah, Acharya, and Goyal (2007) studied coordination and profit sharing between two players under permissible delay in payments. He and Huang (2013) developed inventory model for two players of a supply chain for non-instantaneous deterioration items where demand is a function of downstream credit-linked demand. Chung and Cárdenas-Barrón (2013) formulated simplified procedure when demand is stock-dependent and two-level trade credit is offered. Jiang, Skouri, Teng, and Ouyang (2014) gave a note on optimal replenishment policies for non-instantaneous deteriorating items with price and stock sensitive demand under permissible delay in payment. Aggarwal and Tyagi analyzed inventory and credit policies with dateterms credit-linked demand in a supply chain. Chung, Cárdenas-Barrón, and Ting (2014) developed an inventory model with non-instantaneous receipt and exponentially deteriorating items for an integrated three layer supply chain system under two levels of trade credit when demand is constant. Chen, Teng, and Skouri (2014) derived economic production quantity model for deteriorating items with up-stream full trade credit and down-stream partial trade credit when production is finite. Feng, Moon, and Ryu (2014) considered revenue-sharing contracts in a supply chain with reliability considerations. Jiang, Ouyang, Cardenas-Barron, and Goyal (2014) computed optimal credit period and purchase units for fixed life time deterioration of items under two-level trade credit scenario. Integrated vendor-buyer models are studied by Chen, Chen, Chiu, Choi, and Sethi (2010) , Chen and Kang (2007) , Kang (2010a, 2010b) , Chiu, Choi, and Li (2009 ), Chiu, Choi, and Tang (2011 , Huang, Tsai, Wu, and Chung (2010) , Jaber and Osman (2006) , Kim, Hong, and Kim (2011), Ouyang, Ho, and , Teng, Chang, and Chem (2012) , Yen, Chung, and Chen (2012) .
In this paper, we study the impact of two-level trade credit policy on a supply chain comprising of a single-manufacturer and single-retailer. The items in inventory system of both the players are subject to deterioration at a constant rate. The demand is considered to be increasing function of credit period which retailer offers to customer and decreasing function of selling price. It is assumed that the manufacturer offers a fixed credit period to the retailer with the contract that the retailer must share his profit during allowable credit period (Giri & Maiti, 2013) . The manufacturer follows a lot-for-lot production policy. The joint profit of the supply chain is maximized with respect to replenishment time, selling price, and credit period to be offered to the customer by the retailer. Solution procedure is outlined to arrive at the best possible solution. Numerical examples are given to support the theoretical developments. The sensitivity of the optimal results with the model parameters is carried out to deduce managerial insights.
Notations and assumptions
The proposed problem is formulated with following notations and assumptions. 
Notations

Inventory parameters for manufacturer
Total joint profit per unit time of the supply chain
Assumptions
(1) A supply chain of single-manufacturer, single-retailer, and single-item is under consideration.
(2) The demand rate R(p, N) for retailer is increasing function of credit period; N offered to customer and decreasing function of selling price; p. The function form of demand rate is N) and R are interchangeable.
(3) The constant production rate P (> R) to avoid shortages.
(4) Replenishment is instantaneous.
(5) The planning horizon is infinite to ensure long-term relationships.
(6) The manufacturer offers a delay period M to settle the accounts to the retailer with the contract that the retailer will share fraction of his profit incurred during the credit period M. The retailer takes a loan from a bank at the rate I b to settle the accounts with manufacturer for the purchases made at the end of time M. The loan is repaid to the bank at the end of the cycle time.
(7) By offering credit period, the manufacturer incurs interest loss at the rate I lm per unit per annum.
(8) The items in warehouse deteriorate at a constant rate, θ, (0 ≤ θ < 1). The deteriorated units can neither be repaired nor replaced during the cycle time.
Mathematical model
Model for retailer's inventory system
The retailer's inventory depletes due to credit-linked price-sensitive demand and deterioration of items in the warehouse. The rate of depletion of inventory at any instant of time t ∈ 0, T is given by the differential equation 
Rtdt.
Hence, retailer's net profit, π r1 per unit time is
The profit to be shared is, 
Model for manufacturer's inventory system
The rate of change of inventory in manufacturer's warehouse at any instant of time t ∈ 0, T is given by the differential equation 
Joint profit of the supply chain
The objective of this study is to maximize the profit of supply chain comprising of single-manufacturer and single-retailer. The joint profit of the integrated supply chain is:
For given values of p and N, we have π 1 (M/p, N) = π 2 (M/p, N) and π 2 (N/p, N) = π 3 (N/p, N) . Thus, π i , i = 1, 2, 3 are well-defined functions of three decision variables. Next, we outline steps to find the best solution for the supply chain.
Step 1: Set numerical values for the inventory parameters.
Step 2 If the retailer does not offer credit period N to the customer, then the maximum profit is $43758.87 with selling price $247.83 and replenishment time 0.281 years using data as given in Example 1. The decrease in profit is due to decrease in demand. In Figure 10 , we compare profit of the players and supply chain when sharing is considered and sharing is not considered. It is observed from Figure 10 that the retailer as an individual player has more profit as compared to manufacturer. This suggests that the retailer will like to be dominant player of the business transactions. To increase manufacturer profit, the strategy of profit sharing will be advantageous to both the players which results the better profit of the supply chain.
Sensitivity analysis
In this section, we consider the data given in Example 1. Varying one parameter at a time by −20%, −10%, + 10%, + 20%, we study its effects on optimal solutions and total profit of the supply chain. The changes in the trade credit, N offered by the retailer to the customer, retail price, p set by the retailer, cycle time, T and joint profit of the whole system are studied.
From Figure 11 it is observed that increase in scale demand decreases credit period offered to the customer by the retailer significantly. Similar observations are for profit sharing fraction, rate of interest earned, and price elasticity markup. It also suggests that the retailer's purchase cost decreases the credit period. This supports that the customers will be attracted if they have to pay less as the purchase cost. The interest on the bank loan increases the credit period because this will facilitate the retailer to elongate the settlement of the payment. The selling price is positively sensitive to scale demand and negatively sensitive to price markup and retailer's purchase cost as shown in Figure 13 . Other inventory parameters have standard impact as discussed by cited articles in the references. Figure 14 is about profit variations with respect to inventory parameters. The retailer's purchase cost set by the manufacturer increases joint profit significantly. The credit period offered by the manufacturer to the retailer decreases the profit of the supply chain. The profit decreases with increase in the production rate. This suggests that the manufacturer and retailer should work on the production rate, credit period, and retailer's purchase cost to increase the profit of the supply chain. This strategy will also control the setup cost of manufacturer. The retailer should put large order to save in ordering cost and as a result profit of the supply chain can be increased significantly. It is observed that increase in customer eligible for delay payments results decrease in the profit of the supply chain.
Conclusions
This study deals with two-level trade credit financing for two players of the supply chain viz. manufacturer and the retailer. The market demand is dependent on retail price and credit period offered to the customer by the retailer. The study considers sharing of profit between the players during the credit period. The units in inventory system are subject to deterioration at a constant rate. Numerically, it is observed that a two-level trade credit strategy with profit sharing contract increases profit of both the players and also that of the supply chain. The proposed model can be extended to incorporate preservation technology investment to control the deterioration of items in the inventory system. The problem can be studied for stochastic demand which will explore real market practices. 
